The unexpected dimness of Type Ia supernovae at redshifts z 1 has over the past 7 years been seen as an indication that the expansion of the universe is accelerating. A new model cosmology has been proposed by one of us (Wiltshire 2005) , based on the idea that our observed universe resides in an underdense bubble remnant from a primordial epoch of cosmic inflation. Although there is no cosmic acceleration, it is claimed that the luminosity distance of type Ia supernovae data will nonetheless fit the new model, due to systematic effects. In this paper the hypothesis is tested statistically against the available type Ia supernovae data by both chi-square and Bayesian methods. The model gives good agreement if the density parameter, Ω 0 , is taken to be the density in ordinary baryonic matter only. If low Ω 0 parameter values are accepted, then the model would dispense with both dark energy and non-baryonic dark matter, and an alternative explanation would be required for galaxy rotation curves and dynamical measurements of Ω 0 on the scales of clusters of galaxies.
Introduction
For nearly a decade it has been assumed that the universe is presently undergoing a period of acceleration driven by an exotic form of dark energy. In a new model proposed by one of us (Wiltshire 2005) , it has been claimed that it is possible to fit type Ia supernovae (SNeIa) luminosity distances without exotic forms of dark energy, and without cosmic acceleration. The new model was developed on the basis of a suggestion of Kolb, Matarrese, Notari and Riotto (2005) , that cosmological evolution must take into account super-horizon sized remnant perturbations from an epoch of primordial inflation.
The new model cosmology of Wiltshire (2005) (henceforth Ref. I ) shares the basic assumption of Kolb et al. (2005) that the observed universe resides within an underdense bubble, S, in a bulk universe which has the geometry of a spatially flat Friedmann-Robertson-Walker (FRW) geometry on the largest of scales. In other respects, however, the model of Ref. I differs substantially from that of Kolb et al. (2005) . In particular, the model of Ref. I is based on exact solutions of Einstein's equations, whereas Kolb et al. (2005) based their analysis on linearized perturbations, with a number of approximations. Furthermore, while Kolb et al. suggested that the deceleration parameter would behave as q(t) → −1 at late times, in the model of Ref. I q(t) → 0. The model of Ref. I has the added advantage that it can make exact predictions for all cosmological quantities in the epoch of matter domination based on two parameters, the Hubble parameter, H 0 , and the density parameter, Ω 0 .
The model of Ref. I makes two crucial physical assumptions. The first, as just mentioned, is that our observed universe resides in an underdense bubble. This is natural in the context of inflation, given that inflation stretches an initial spectrum of density perturbations to all observable scales within our past light cone and also to scales beyond our past light cone. The second assumption is that an idealized isotropic observer, namely an observer who measures no dipole anisotropy in the cosmic microwave background radiation (CMBR), measures a cosmic time, t, as defined by the surfaces of homogeneity of the bulk geometry
withā =ā i (t/t i ) 2/3 , rather than surfaces of homogeneity of the local geometry in the underdense bubble. The physical reasons for this are clear when we consider two points
• Firstly, prior to the inflationary epoch the local bubble, S, was in causal contact with other regions of the bulk universe. The CMBR, at a redshift z ∼ 1100, bears the imprint of the bulk universe.
• Secondly, the local universe is not particularly homogeneous, and it is therefore not surprising that the true surfaces of homogeneity are set by the bulk universe. With this we have a definition of cosmic time, and inertial frames.
Although we should strictly abandon homogeneity for the description of the geometry within S, it is nonetheless reasonable to assume average homogeneity, as a simplifying assumption. As shown in Ref. I, with this assumption an exact cosmology can be constructed, which passes cosmological tests. The cosmology is based on a "spherical expansion model", which parallels the standard spherical collapse model (see, e.g., Kolb and Turner 1990, §9.2.1). In identifying observable quantities involving time or time derivatives, we must be careful to use a non-trivial lapse function, γ(t), in the description of the local geometry,
where α 2 is the magnitude of the inverse Gaussian curvature.
The non-trivial lapse function, which is explicitly computed in Ref. I, gives rise to a number of systematic differences in observable quantities. It is due to such effects that it is possible to fit SNeIa luminosity distances without cosmic acceleration. It is the aim of this Letter to test this claim against the available SNeIa data. Since standard ΛCDM cosmological models have been assumed in manipulating data prior to parameter fitting, it is also necessary to re-examine the templates used in the data analysis in the light of the new model. We will demonstrate a simplified procedure for carrying out such a re-examination and the significance it may have for further probes of cosmic "acceleration" and the search for "dark energy".
Observable quantities
Starting from the standard definition of the redshift z,
the luminosity distance for the cosmological model given in Ref. I is
where Ω 0 is the current matter density of our local bubble, H m the currently measured value of the Hubble constant, and η is given by
.
We should be careful to note that on account of the lapse function, the measured Hubble constant actually deviates from the present epoch value of the Hubble parameter
For small distances the Hubble law becomes
where ℓ r is the proper radial distance, and
. Thus the measured Hubble constant, H m , is related to the physical Hubble parameter (6) by 
Data analysis
To make contact with observation the luminosity distance (4) is related to the distance modulus µ by the standard formula
Let us define ∆µ = m model − m empty , where m empty is the apparent magnitude for the Ω 0 = 0 universe. A plot of ∆µ versus z for the new model Ref. I as compared to the ΛCDM model is given in Fig. 1 .
We have compared the new "Open Bubble Model" of Ref. I to the supernova data using the "Gold data set" recently published by Riess et al. (2004) . The χ 2 and Bayes factor method employed followed the one outlined in Ng and Wiltshire (2001) . Use of the luminosity distance (4) requires a series expansion near Ω 0 = 0 to avoid numerical problems: for Ω 0 < 0.02 we used a Laurent series to order 9. The results are presented here in Figs. 2 and 3 , where the 1σ, 2σ and 3σ confidence contours are plotted in the (Ω 0 , H m ) parameter space.
A good fit for the ΛCDM model was at H m = 65 km sec −1 Mpc −1 and Ω M = 0.27 with (χ 2 = 178) (Riess et al. 2004) . may also support the non-existence of non-baryonic dark-matter.
A Bayesian factor for the two models can be calculated from the data by
This result can be interpreted using Table 1. Note that the Bayes factor may be sensitive to the range chosen for the priors. It is for this reason that we compute the Bayes factor for the two models at each point of the space spanned by Ω 0 and H m . The result can be found in Fig. 5 . The new Open Bubble Model is favoured for lower values of Ω 0 and H m , and ΛCDM for higher values of both parameters. 
Data reduction
While SNeIa serve as excellent standard candles there is some dispersion observed in their absolute magnitudes. However, a relation first proposed by Phillips (1993) , relates the absolute magnitude, M , to the change in apparent magnitude from peak to 15 days after peak, ∆m 15 , as measured by clocks in the rest frame of the supernova. Various methods have been used to fit light curves to obtain absolute magnitudes (Drell, Loredo & Wasserman 2000 , Tonry 2003 . It is also well demonstrated that redshift causes a broadening of light curves (Leibundgut 1996) corresponding to the phenomenon of cosmic time dilation. In standard cosmology the redshift is entirely attributable to cosmic expansion. It is then a simple matter to transform the observed light curve to the rest frame. However, the additional lapse function incorporated in the present model will in general imply a greater amount of cosmic expansion for a given z,
and thus the redshift-corrected light curves will be narrower in the rest frame than usually assumed. Thus ∆m 15 will in general be greater and the distance modulus µ ≡ m − M will be smaller. One really needs to reanalyse the data reduction methods to give model-corrected values of µ before drawing firm conclusions from a statistical analysis such as the one presented here. However, it is likely that the corrections may be small.
Conclusion
As it stands the model does not appear to fit the supernova data as well as the ΛCDM model for the specific values of order Ω ∼ 0.27. However, the new model does offer the possibility of fitting better than ΛCDM when a wide range of Ω 0 values is considered, including the Ω baryonic value, which is well established by the theory of nucleosynthesis. A fairer test would also require re-examination of the templates used in the data reduction.
Although Fig. 3 appears to favour somewhat low values of the measured Hubble parameter, on account of Eqn. (8) the physical Hubble parameter is somewhat greater. Eqn. (8) represents a correction which applies to the luminosity distance only. For other cosmological parameters it is possible that the correction factors differ. Essentially, if the model is correct every observable quantity in cosmology needs to be rederived from first principles.
The present analysis indicates that the SNeIa luminosity distances favour a new Open Bubble Model with no dark energy and no dark matter. As discussed in Ref. I, the expansion age for models with Ω 0 ∼ 0.05 can easily explain the epoch of reionization and also the formation of stars and galaxies at large redshifts, as the observed universe is substantially older at large z when compared to the ΛCDM model. For example, for Ω 0 = 0.05 ± 0.025 and with H 0 = 70 km sec −1 Mpc −1 we find that at z = 2, t = 4.1 While the new model can deal with the absence of dark energy, eliminating dark matter may be more problematic without additional new physics. This is on account of the fact that dynamical mass measurements are local, and it is not obvious that the systematic corrections to the Hubble law (7) would change such measurements. Thus while the model supports the absence of dark matter, a more fundamental explanation may still be required. If such an explanation was to be found, then the present model clearly has many strengths in comparison with competing models. 
